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Abstract 

A detailed analysis of Z Z " , K~ and K'^R'^ pair production in e'*'e~ collisions is presented by using 
helicity amplitudes. The trilinear bosons couplings in the SU('S)c <S)SU{3)l 'SiU{1)x models without exotic 
electric charges are also calculated. We carry out the mentioned analysis for two models, one of them is a 
one family model which is an Eg subgroup 1 and the other one is a three family model with right handed 
neutrinos [3]. These models do not contain exotic electric charges. For them, we give explicit formulae 
and the corresponding numerical estimates of the cross-sections and angular distributions occurred in the 
processes e'^e~ — > Z "Z °, e"'"e~ K~ and e^e~ K^K'^ present in our models. We suppose these 

processes are invariant under C, P and T transformation. 



1 Introduction 



As a consequence of the existence of neutral currents any successful model requires that SU{3)c <8i SU{2)l (8) 
U{1)y gauge group be embedded in a larger gauge group. At the present time an interesting class of models 
based on the SU{3)c ® SU{3)l <8) U{l)x (hereafter called 3 — 3—1 models) gauge group has been proposed 
[U 13111]. There are many versions 3 — 3 — 1 models, however all them have seventeen gauge bosons, twelve of 
them are the usual eight gluons, W^, Z and the photon. The remaining five bosons contain a neutral Z boson 
and four bosons: charged, double charged, neutral, depending of the 3 — 3 — 1 model chosen. To get results 
consistent with experiments is assumed that the last five bosons are heavy. Theoric results also emphasized this 
result [UEIE], the masses obtained there, for these exotic bosons, are at the order of V, a vacuum expectation 
value with V ^ v ^ 250 GeV, the electroweak breaking scale. The article for example, provides us a lower 
hmit V >1.5 TeV. 

We require decisive and clear test about these extensions. The existence and properties of new gauge bosons, 
Higgs bosons, exotics fermions, possible signatures of C, P and T violation and so forth, play a central role 
in these models. e"e+ collisions appears as one of the best tools for studying the production of each of these 
particles and its properties. The physical interest of this collisions is because the neutral character of the initial 
state allows in each case a complete transformation of the energy into new particles, which is no possible in 
processes like e~e^ or e+e+ collisions. 

The main purpose of this work is to study Z^, and if" boson production procceses through e~e~^ 
collisions associated to two special SU{3)l U{l)x models without exotic electric charges Specifically, 
we refer models A and D as they are called in paper [3]. There, model ^4 is a one family model which has been 
partially analyzed in Ref . [T] and the three family model D has been analyzed in the literature in Ref . j5] . We add 
to these studies, our original additional phenomenology analysis such as the trilinear gauge boson couplings, the 
charged and neutral currents, the helicity amplitudes as well the angular dependence of the density matrix and 
the cross sections for the processes e~e~^ ^ Z'^Z^ , e~e+ — > K~K^ and e~ K^K^ present in our models. 
We believe that these amplitudes will be helpful in extracting the physical consequences from the measurements 
of the processes. 

For similar works to this you can see, for example, paper But, in this article, the authors used models 
with exotic electric charges, they do not consider polarized collision beams for the initial and final particles, 
which is important to check the validity of the special constraints on the ^KK , Z'KK and Z' KK vertices 
imposed by gauge theories, and also do not calculate the total cross section as function of energy collision. 

This paper is organized as follows. In the section [2] we make a remembrance of the main mathematic topics 
previously studied in the literature for SU {3)c ® SU {3) l®U {!) x models without exotic electric charges, which 
allows us to find the trilinear gauge bosons couplings, the neutral and charged currents for the models A and D 
previously defined. Section |3] will be dedicated to present details of our models, specially their Icptonic content, 
currents and trilinear gauge boson couplings. In the section[4] the helicity amplitudes in general form are found. 
In the section [5] the helicity amplitudes for the processes e^e+ Z^Z^ , e^e+ K^K^, e~e+ K^K'^ for 
the mentioned models are given, we also check the unitarity for these amplitudes. In the last section we present 
our conclusions. 



2 Main topics for 3-3-1 models 
2.1 The gauge boson sector 

As we do not consider exotic electric charges in our models to study, the parameter b — 1/2 and thus the 
covariant derivate takes the form: 
Rep 3 

^ /Dj, + 2g'XB^ gV2W+ gV2K+ \ 

= h.,3d^ - - gV2W- Dl + 2g XB^ g^/2K^^ . (1) 
V gV2K- gV2Kl Df, + 2g'XBj 
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Rep 3* 



- 2gXB^ gV2W- 



9V2K+ 



gV2K 



9V2K- 

Df, - 2g'XB, 

a! 



(2) 



where 73:^3 is the 3x3 unit matrix and Dj^ = g{Al + -^) , = g{-Al + ^) and Df^ = g{-2-^). 
After breaking the gauge symmetry through Higgs mechanism we find the following fields: 

• The physical charged gauge bosons given by: 



V2 ' 



^/2 



• The massless photon field 



V2 ■ 



(3) 



A^_i — S^A^ + Cu 



T 



A^ 



rp2\2 

^ n. 

T 



B„ 



(4) 



• And two neutral gauge bosons Z'^ and Z"^ given by: 



— CujA^ ~ Su 



/3 ' 



^2 \ 2 
~3 



B„ 



(5) 



where Sw and Cw are the sine and cosine of the electroweak mixing angle respectively (similar way 
for Tw — Sw/Cw) defined by Sw — VSg' / 



^3g^ + 4g''^ , and g,g' are the structure constants for the 
symmetry groups SU{3)l and U{l)x respectively. 

In reality the bosons defined in ^ are not eigenstates of the mass matrix mixing the no-physical neutral 
gauge bosons after symmetry breaking is applied. The true neutral vector bosons are Z!^ and Z2 which are 
related with Z and Z through a rotation model dependent angle (j) as follows: 



= cos + Z ^ sin 0, 

(6) 



Z.^ = -Z'"sin0 + Z^cos 



Although the mixing angle (f) depends of the scalar fields chosen and the way as the symmetry breaking occur, 
in general, it corresponds to a small quantity, omitted in all almost cases. So is a good approximation to put 
= (no mixing) [7J , and then 



and 



Inverting expressions and ^, to express the original no physical gauge fields in terms of the final physical 
gauge fields useful for computations below, we have 

A'^ = 5"^)^^ + C^Zfj, 

4 = -^(s.A,-^z,-^z;), 

B^^^{V3C^zl + aAl). 
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Also, it is convenient to write Z' in terms of the new constants to give: 



with a — -^/S — 45"^ . Also, in the next section we need to use the diagonal components of matrices ([ij) and ([2| , 
for that the following identities: 

Rep 3* 

7 Z' 

gD^^ ~ 2gXB^ = p{2S„A^(2/3 ^ X) + -^{Cl - 5^,[l/3 - 2X\) - -^{6XCl + a^fl/S - 2X])}, 

gD2^ - 2gXB^ = -g{S^A^{l/i + x)^^{Cl + Si[l/3 - 2X]) - -^{6XCi - a'[l/3 - 2X])}, (8) 
pDsM - 2r;'XB^ = -2<7{S'„Ap(l/3 + X) - ^Z^{l/3 + X) + ^{3XCl - a'[l/3 + X])}. 



Rep 3 



37^1^ + 2g'XB^ = g{2S^A^i2/3 + X) + ^{Cl - Sl[l/2. + 2X]) + ^(6XCf„ - a"[l/3 + 2X])}, 
gD2^ + 2g'XB^ = g{25,„ A„(-l/3 + X) - ^(C^^ + S;^[l/3 + 2X]) + -^{QXCl ~ a'[l/3 + 2X])}, (9) 
7?3m + 2g'XB^ = 2g{S',„yl„(-l/3 + X) - ^Z^,{-\ + X) + ^{3XCl - a'[-l/3 + X])}. 



U(l)x abelian group, 



the hypercharge X will take a value according to the model to study. 



2.2 Trilinear gauge bosons couplings 

The 3-3-1 gauge theory makes especially predictions for the gauge boson interactions, the reason is that in any 
gauge theory the three gauge boson-interactions should obey C, P and T invariance (to lowest order), and have 
definite values for the magnetic dipole and electric quadrupole moments. We can find these couplings by using 
self-interactions kinetic Lagrangian for gauge fields: 



JO. = -gfatcd^^AlA^'A-'' a,b,c^ 1, 2. 
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Expressing each A"- in terms of the physical fields, see (|7|, we find: 

C = ie{l[A^'{W-,W+'' - W+W-") + A^,W+^'W-'']+ 
+ T-^[Z^'{W-^W+'' - W+W-'') + Zf,,W+^W-'']+ 
+ 1[A''{K-,K+'' - K+^K-^ + K^,K+'^K--]+ 
+ T^^[Z^^{K-,K+^ - K+,K-n + Z^,K+'^K-^]+ 
~ -^[Z'^{K-^K+'^ - K+^K-n + Z,,,K+^K-'^]+ 

- -^[z'^ikl^K'^'^ - K%K"'') + Z,,,K''^K'^-^]+ 

where any X^^, — d^X^, — d,yX^. Until now, taking account that the mixing angle (j) be negligible ([6]), the results 
obtained are independent of the model without exotic electric charges chosen. Next, we treat two models. 



3 Models 

3.1 Model A (only leptons) as an Eq subgroup 

This is a one family model where the anomaly cancellations occur independently in each family particle content, 
widely studied in the literature 1 . The multiplet structure for this model is given by: 





where the numbers inside the patenthesis refers to SU{3)c SU{3)l U{l)x quantum numbers. For our 
analysis below, the exotic particles E^,N^, {i = 1,2,3,4), will be heavy particles with masses approximate 
of ~l TeV. It because its exoticity and value orders handled actually in experiments. By using the former 
identities ([s] [s] and [9| we find the following currents (in e units): 
Charged currents: 

+ K°{etrE+ + N'^^r'^^L + Nl^rN°2L + H.c)}. 

Neutral currents: 

+ Z^iT^^i-el^^^el - E^rEj: - E],rE],)+ 

+ ^{T2^{eirel + El^El + iV°i7^^2L + ^eLl^^eL + 2e],7^e«)+ 
- T-\N^^LrN^iL + N^lYNIl) + 52-J(^4"l7^A^4°l - E-^^E-^)}. 
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3.2 Model D (only leptons) with right handed neutrinos 



Also, this model has had a special attention in the literature 5 . But here the anomaly cancellations occur 
among families. The multiplet structure for this model is: 




(1,1,1) 



for a — e,^,T. The exotic particles Na, considered to be the right handed neutrinos, we assume they have 
masses of order of 1 TeV. The currents are: 



1 



{W+D^Ll^al + K+Nl^r^l + KInIlYi^o^l + H.c)} 



V^Su 



Finally, with the help of results above, we make a summary of the couplings constants: 
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Table 1 



Trilincar gauge bosons couplings 


vertex 


coupling/e 




1 


zw+w- 




jK+K- 


1 


ZK+K- 




Z'K+K- 




zk°k" 


-^/S2w 






K-''K°W+ 






l/\/2s„ 



Table 2 



Couplings Z(Z')-e^j^j 


vertex 


Model A 


Model C 


Model D 


Zel 




-'-2W 








T 




Z'el 


-'2m 

a 


<j-i 

_ 2m 

a 


a 




a 


T„ 
a 


T„ 
a 



4 Helicity Amplitudes 

The reactions 

e+(p)e-(p)^F(fc+,Ai)F(fc_,A2) 

serve as "theoretical laboratories" for to study these models. For the following processes we have used the next 
convections: The momenta of the incoming e~ and 6+ with helicities L and R are denoted by p and p ; The 
outgoing V bosons with helicities e+ and e_ are associated with momenta k+ and A:_ . As the threshold of these 
processes are sufficiently high, we neglect the electron mass in comparation with the beam energy. In this limit, 
the momenta in cm. (center of mass) system become: 

= (E, 0, 0, E) = {E, \k\ sin 9, 0, |fc| cos 9) 

= {E,Q,Q,-E) = (£;,- |fc|sin6',0,- |fc|cos6') 

where E is the beam energy, |fc+| = |fc+| = |A:| and 6 is the angle between p and fc_. The helicity wave functions 
are given by: 

e'li = (0, cos 0,0, -sin 6*) 
£'^2 = (0,0, 1,0) 

e'Ls^ ^{\k\,Esui9,0,Ecos9) 

My 

For the calculation of helicity amplitudes we have used the technique described in Ref. [H] . The explicit forms 
for these amplitudes are: 



e'^i = (0,- cos 61,0, sin 61) 
£'^2- (0,0,1,0) 

<3 = l^^(l^l>-^sin0,O,-i?cos0) 
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Helicity amplitudes A^if.^* for the t channel 



^11 — 

Am _ 
Am _ 

^21 — 

Am _ 

^22 — 



^m 

A 



13 

m 

^31 



Am 

^23 



-2ssin6i(2cos6i-/3) 
— 2issiii^ 
2issiii^ 
-2s/3sin6' 



2 3 
o 2 

2 3 



(/3 - cos 6) cos 6' + 
(/? - cos 6*) cos 9 + 



2M2 
s 

2M2 



Am _ 

^32 — 
^33 



M 
-2i 



S2 



2M2 

(/3 - cos 9) H cos 61 



-S2 



M 
—2s sin 6* 



2M-^ 

(/3 — cos 9) H cos ( 



2M2 



(/3-cos6l)+/3 



fl(t) 
11 

fl(t) 

12 

fi(t) 
21 

m 

22 



L(t) 



-Al 
,L(t) 
^12 
,L(t) 
^21 

^22 



.R(t) _ .Lit) 



13 



^31 



m 

31 



A. 



R{t) 
23 



L(t) 
23 



.Rit) _ .Lit) 
^32 — ^ 



^33 



32 



^33 



where M and /3 = — = y^l — AM'^/s are the mass and the velocity of boson respectively, and 
s = {p + p')"^ = {k^ + ^+)^- The other Mandelstam variables are: 

t = - ^{1- Pcos9) 
u = M^- |(l + /3cos6l) 



Helicity Amplitudes for the u channel 



^fl"' = -2s sin 61(2 cos 61 + f3) 

= -2issin6» 
y42i"' =2issin6i 
ylai"^ = 2s/? sin 6* 



,L(u) 
^13 



^31 



,L(u) 
^23 



Am) _ 

^32 — 



2 3 

2 3 
e 2 



(/3 + cos 6) cos 6* 



(/3 + cos 0) cos 6* 



2M^ 



2M' 



2i 3 

S 2 

2i 3 

S2 

M 



(p + cos 9) cos ( 

s 

2M2 

(/3 + cos 9) cos 9 



A^gf") = 2s sin 6* 



2M2 



(/3 + cose)+/3 



A: 



Riu 
11 
Riu 
12 

21 
.Rit 



.Riu 



.Riu 

hi 



.Riu 
^23 



.Riu 
^32 

.Riu 
^33 



-A 



Liu) 



Liu) 
12 

Liu) 
21 

Am 

^22 

Am) 

^13 



-A 



Liu) 
31 



.Liu) 
^23 



32 



Am) 

^33 



8 



Helicity Amplitudes Ce^fl"^ for the s channel 



(-^11 


= —Isp sintya2 


Cn = 


-<-'ii 


(-ih 

•^12 


= 2s sin ^c?5 


'-^12 — 


"•^12 




3/2 

S 

= [id4 + /? cos ^^3] 


'-'13 — 


3/2 

s 

[idi — (3 cos ^£^3 


•^21 


= 2s sin ^(^5 


"-'21 — 


'-'21 


<^22 


= 2s/3 sin 61^2 


^11 — 


'-'22 




g3/2 


r'R 

'-'23 — 


g3/2 


'-'23 


= \i^dz - cos 6'd4] 


[i/3<i3 + cos Odi 


'-^31 


— '-^13 


r'R 
'-'31 — 


riR 


'-^32 


— '-^23 


r'R 
'-'32 — 


riR 

'-'23 


'-^33 


= 2s/3sin6'di 


'-'33 — 


'-'33 



where: 



rfi = 1 + 

d4 



2M2 

1 + K + A + i/4 



^2 = 1 + 



2M2 



/7 + /6 



/6 + r 



«/5 



M2 



(/9 - */8) 



Independently of the gauge group considered, they demand a separate conservation of C, P ant T as well as 
specific values for the magnetic dipole and electric quadrupole parameters. Explicitly, gauge theories demand; 



(* = 4,...,9) 

= 1 

Az =0 



irrespective of the gauge group considered. 



5 Processes for boson productions at high energy colliders 



The production of bosons in the 3-3-1 model without exotic electric charges is particularly relevant for 
colliders in the TeV range since the models predict new gauge bosons at the same scale. 

For unpolarized e+e" beam and averaging over the initial beam we have the differential cross sections in 
terms of amplitude polarizations; 



d a 
d (cos ff) 



e_e+ I 



Summing all polarizations of the final state particles, the total cross section is; 

T 



da 
9 (cos ( 



E 



da 



^ a(cos 6*) 



(10) 



(11) 



where C is a process dependent constant. 

We assume for all cases that the weak-mixing angle takes a value sin^ W = 0.25. For the boson productions 
K"^ and K^{K^) and when its masses be considered fixed in the processes their values are of order of 1 

TeV. 

The methodology that we carry out, in this section, for study the processes will be the following; 
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• First we give the model, 

• then we study each processes, specifically the productions Z"^, and K"^{K"~') in e+e^ collisions, 

• we calculate the amplitude dispersion for each processes, and verify its unitarity, 

• we plot cross section for each process from several points of view: 

— fixing energy collision and taking each polarization of the initial and final particles to see 
the differential cross section at different angles: for that we use the differential cross section 



( 10 1 and the amplitude formula for each processes giving ahead. We calculate the different differential 
cross sections with definite polarization of the initial and final states particles as a function of the 
cm scattering angle at a specific energy collision. 

There are two state polarizations of the initial particles: e£ and ej. While the final boson 
particles possessing nine different polarizations, from which, due the symmetry, only six polarizations 
11,12,13,21,22,23 and 33 are sufficient for our study. 

— or fixing energy, but now the mass is the variable, to plot the total cross section: we take 
two scale energy collision y/s = 3 TeV and y/s — 5 TeV. Thus, the mass boson Z'" will be spaned 
between 0.5 TeV and 1.5 TeV or 0.5 TeV and 2.5 TeV respectively. 

— or finally, plotting the total cross section at different energy collision, maintaining fixes 
the mass: in the graphs the collision energy goes to a maximum value of 5 TeV. 

5.1 Model A as an Eq subgroup 

For this model the fine-structure constant has a value a — 1/124.6. Now we study each processes. 
5.1.1 e+e- Z'°Z'° 

Using Feynman diagrams for this process we compute the amplitude as function of polarization at initial and 
final particles. The helicities are given in section Q, its masses are of that particle produced in the collision. 
In this case the mass of neutral gauge boson Z'". The helicity amplitudes for this process are: 



|2 



- f (*) + 4Af (*) ) + -( + 4Af 



(12) 



With 

.-2 ^ 2 



c 



2w 



2 V4(3-452) 



Unitarity 



The unitarity guarantee us that the total cross section converge to a constant finite value at high energy collision. 
By using the identity: 

e_£+ £_£+ 

we get: 



|A^£_£+|' = 9 



1 1 2 

t u 



When s ^ oowe have f3 ^ 1, t ^ — s/2(l — cos6'), u — > — s/2(l + cos6'). The structure of the helicity amplitudes 
A;^3*'' and ^^3"'' could have trouble because they are of the form: 



At^^ ' = -JpC^ ~ ^) + 2s sin ( 



^fi"^ = --^^ ^(1+ cos 0)-2.s sine 
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however the term: 



-A 
t 



R{t) 
33 



-A 



R(u) 
33 



cancels exactly the contribution of the terms containing 



5.1.2 Differential cross sections for e+e Z'^ Z'^ polarized collissions 

With the help of ( 12 1 we be able to draw figure ([T|) which shows a plot for each helicity: 




Figure 1: Differential cross section for e+ — > Z Z in the 3-3-1 model A with definite polarizations of 
the initial and final particles, as a function of the cm. scattering angle Q. Solid (broken) lines correspond to 
e^(e^ ej) initial states. The polarization of the final gauge bosons is indicated on the subfigures. e~ 
beam energy E — — 2.5x10'^ GeV. 



5.1.3 Total cross section for the process e+e Z'^ Z'^ as function of mass of boson Z'^ 

In the following we calculate the total cross section for the process e+e~ Z'^ Z'^ varing the mass boson Z'^ . 



For that we summing over all the polarization initial and final particles states given in the formula ( 10 1 



Energy collission — 3 TeV 

Figure ([2| shows the total cross section as function of mass of boson Z"^ at energy collission ^Js — i TeV. 
Energy collission ^/s — 5 TeV 

Figure ^ shows the total cross section as function of mass of boson Z'" at energy collission -^s = 5 TeV. 

5.1.4 Total cross section for the process e+e Z'^ Z'^ as function of cm energy 

In this section we calculate the total cross section for the process e^e'^ Z'^ Z'^ as function of cm energy y^s 
maintaining fixed masses of boson gauge at expecting sensate values. Its corresponding graph is given in figure 

fi- 



ll 



10* 



7 10= 



10 -■ 



0.5 0.6 o.r O.S 0.9 1.0 1,1 1.1 



M,, (1[P GeV) 

Figure 2: a{e~^ Z'" Z"^) in the 331 model A without exotic electric charges as a function of mass of neutral 

Z'° boson gauge from 0.5 TeV to 1.5 TeV at a CM energy y/s = 3 TeV. 




M (10= GeV) 

Figure 3: (T(e+ e~ Z'^ Z"^) in the 331 A model without exotic electric charges as a function of mass of neutral 
Z'° boson gauge from 0.5 TeV to 2.5 TeV at a CM energy = 5 TeV. 




2 2.5 3.0 
Figure 4: Total cross section (T(e+ 



3.5 4.0 4.5 5.0 y'^ (10' GeV) 

Z'" Z'") in the 3-3-1 model A as function of y/^. 
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5.1.5 e+e- K+R- 

Thc hclicity amplitudes for this process are: 



1 



i?. 



th C = ^ and D^^a ^t- M 



32 



(13) 



Unitarity 



When s oo Dato 

1(4) 



s. By using the identities: 



and 



we find: 



1 + T, 



2tu 



2-uj 



52tu 



1 rri— 1 I 21^ 



1 



2 s SI 



C. 



L 



2w 



c, 



1 



e_ e_ 



_ 4z gi/^ 

We have no problem with unitarity. This process is different to standard model process since in the former 
process each channel cancel independently. 

5.1.6 Differential cross sections for e+e~ — > polarized collissions 



Using the amplitude formula (13 1 and the differential cross section (10 1, we calculate the different differential 



cross sections with definited polarization of the initial and final states particles as a function of the cm scattering 
angle at a specific energy coUission. Figure ([5]) shows the corresponding diagram for each helicity: 

5.1.7 Total cross section for the process e+e — > as function of mass of charged boson 

K+{K-) 

In the following we calculate the total cross section for the process e+e" K~ varing the mass boson 

K~^(K~). For that we summing over all the polarization initial and final particles states given in the formula 
( 10 1. We maintain fixed the mass of boson Z"^ at a constant value of 1 TeV. 



Energy collission y/s — 3 TeV 

Figure ^ shows the total cross section as function of mass of boson . 
Energy collission -/s = 5 TeV 

Figure ^ shows the total cross section as function of mass of boson K^. 
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Figure 5: Differential cross section for e+ er in the 3-3-1 model A with definite polarizations of 

the initial and final particles, as a function of the cm. scattering angle 9. Solid (broken) lines correspond to 

e^(e^ ej) initial states. The polarization of the final gauge bosons is indicated on the subfigures. e+ 
beam energy E = sj~s = 2.1x10'^ GeV. 



icP -- 




1 I 1 1 

0.5 1.0 1.5 M (10= GeV) 

Figure 6: cr{e^ ) ™ the 331 model A without exotic electric charges as a function of mass of 

charged (K^) boson gauge from 0.5 TeV to 1.5 TeV at a CM energy ^/s = 3 TeV. 



14 



10 



0.5 



1.0 



1.5 



2.0 



M (10^ GeV) 

Figure 7: cr(e^ ~* K ) in the 331 model A without exotic electric charges as a function of mass of 
charged {K~) boson gauge from 0.5 TeV to 2.5 TeV at a CM energy y^s = 5 TeV. 



5.1.8 Total cross section for the process e+e — > K as function of cm energy 

In this section we calculate the total cross section for the process e+e~ K~ as function of cm energy ^/s 

maintaining fixed the masses of boson gauge at expecting sensate values. We maintain fixed the mass of boson 
at a constant value of 1 TeV. Its corresponding graph is given in figure (Is]). 




■/i [W GbV) 

Figure 8: Total cross section cr(e+ K'^ K~) in the 3-3-1 model A as function of y/s. Observe as s — > oo, 

a C/(87r • 125^ • sin" W) = 1.261 • 10"36(,^2^ ^ constant value. 



5.1.9 e+e- K°K° 

The helicity amplitudes for this process are: 



1 



4xD 



E+ 



M? 



T, 



{T2wS2w) C'e^.e, 

+ S2w + 



with C = ^ and = it - Ml.. 



^ iT2^S2^r' (Cil,^ + 2Cf_,^) 



(14) 



Unitarity 

When s ^ oo Dj^+ —> u, s — ^^j^/j ^ s we have: 



2u 
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and again the terms vlgj"^ and C|| ^ -2s sin 61(1 + ^^j^) may have trouble, however the terms that contain 
cancel exactly. 



5.1.10 Differential cross sections for 



K^K'^ polarized collissions 



Using the amplitude formula (14 1 and the differential cross section (10 1, we calculate the different differential 
cross sections with definited polarization of the initial and final states particles as a function of the cm scattering 
angle at a specific energy coUission. A diagram for each helicity is given in figure ([9]). 




Figure 9: Differential cross section for e~ K'^K'^ in the 3-3-1 model A with definite polarizations of 
the initial and final particles, as a function of the cm. scattering angle 6. Solid (broken) lines correspond to 
ejj(e^ ej) initial states. The polarization of the final gauge bosons is indicated on the subfigures. e"*" e~ 
beam energy E = y/s = 2.1x10'^ GeV. 



5.1.11 Total cross section for the process e+e — > K'^K'^ as function of mass of neutral gauge 
boson K°{K°) 

In the following we calculate the total cross section for the process e+e~ K^K^ varing the mass of neutral 
gauge boson K^{K^). For that we summing over all the polarization initial and final particles states given in 
the formula (10 1. We maintain fixed the mass of boson Z"^ at a constant value of 1 TeV. 



Energy collission ^/s = 3 TeV 



Figure ( 10 1 shows its diagram for this process as a function of mass boson K 



Energy collission ^/s — 5 TeV 



Figure (111 shows its diagram for this process as a function of mass boson 
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0.5 



1.0 



1.5 



M (10= GeV) 

Figure 10: cr(e+ K^) in the 331 model without exotic electric charges as a function of mass of neutral 

K° {K°) boson gauge from 0.5 TeV to 1.5 TeV at a CM energy ^/s ^ 3 TeV. 




Figure 11: f7(e+ e K'^ K'^) in the 331 model without exotic electric charges as a function of mass of neutral 
K° {K°) boson gauge from 0.5 TeV to 2.5 TeV at a CM energy = 5 TeV. 
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5.1.12 Total cross section for the process e+e K'^ as function of cm energy 

In this section we calculate the total cross section for the process e+e" — ^ A'" as function of cm energy ^/s 
maintaining fixed the masses of boson gauge at expecting sensate values. We maintain fixed the mass of boson 
at a constant value of 1 TeV. The diagram for this process is given in figure (12 1 




1 

2 3 

Figure 12: Total cross section a{e^ e~ 



(10^ GeV) 

K^) in the 3-3-1 model A as function of -^s. 



5.2 Model D with right handed neutrinos 

The treatment is similar as was done with model A, the differences are present in their fermionic content. For 
this model the fine-structure constant has a value a — 1/125.9. Now we study each processes. 



5.2.1 e+e- 



7 



Using Feynman diagrams for this process we compute the amplitude as function of polarization at initial and 
final particles. The helicities are given in section Q, its masses are of that particle produced in the coUission. 
The helicity amplitudes for this process are: 



(15) 



where C — 



and — 



4 a2 ■ 



5.2.2 Differential cross sections for 



Z'^ polarized collissions 



Using the amplitude formula (151 and the differential cross section (10 1, we calculate the different differential 
cross sections with definited polarization of the initial and final states particles as a function of the cm scattering 
angle at a specific energy collission. 

5.2.3 Total cross section for the process e+e Z'^ Z'^ as function of mass of boson Z'^ 

In the following we calculate the total cross section for the process e^e" — > Z'^ Z'^ varing the mass boson Z 
For that we summing over all the polarization initial and final particles states given in the formula (10 1. 

Energy collission ^/s — 3 TeV 



10 



Figure ( 14 1 shows the total cross section as function of mass of boson Z'^ at energy collission -^s = 3 TeV. 
Energy collission -/s = 5 TeV 



Figure ( 15 1 shows the total cross section as function of mass of boson at energy collission -^s = 5 TeV. 
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Figure 13: Differential cross section for e+ e~ — > Z'^ in the 3-3-1 model D with definite polarizations of 
the initial and final particles, as a function of the cm. scattering angle 9. Solid (broken) lines correspond to 
e£ ejj(e^ ej) initial states. The polarization of the final gauge bosons is indicated on the subfigures. e~ beam 
energy E = y/s = 2.5x10^ GeV. Note that both polarization incident particles have the same differential 
cross section for all helicities of the final particles. 



10= -- 




1 I 1 1 1 1 1 1 1 1 1 h- 

0.5 0.6 0.7 O.S 0.9 1.0 1.1 1.2 1.3 1.4 1.5 ^,'7(io=GeV) 

Figure 14: (T(e+ Z"^ Z'^) in the 331 model D without exotic electric charges as a function of mass of 

neutral boson gauge from 0.5 TeV to 1.5 TeV at a CM energy J~s — 3 TeV. 
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0.9 1.1 1.3 1.5 1.' 
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v'i (10= GeV) 



Figure 15: a{e^ e Z"^ in the 331 model without exotic electric charges as a function of mass of neutral 
Z'° boson gauge from 0.5 TeV to 2.5 TeV at a CM energy ^5 = 5 TeV. 



5.2.4 Total cross section for the process e+e Z ' Z'^ as function of cm energy 

In this section we calculate the total cross section for the process e+e~ Z'^ as function of cm energy 
yfs maintaining fixed the mass of boson gauge at expecting sensate values. Its corresponding graph is given in 



figure ( 16 ) 



Figure 16: Total cross section cr{e^ 



4.0 4,5 5.0 



v'T (Iff" GeV) 



Z'" Z'O) in the 3-3-1 model D as function of 



5.2.5 e+e- -f K+R- 

The helicity amplitudes for this process are: 

|2 
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s - M| 
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s - Af2 



S 



2W ^e_e_|_ ~ ry-i '^6-64 

2' 



2«) 



T, 



(16) 



32' 



5.2.6 Differential cross sections for 



K polarized collissions 



Using the amplitude formula (16 1 and the differential cross section (10 1, we calculate the different differential 



cross sections with definited polarization of the initial and final states particles as a function of the cm scattering 



angle at a specific energy coUission. Figure (17 1 shows the corresponding diagram for each helicity: 
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-1 -0.5 0.5 1 

Figure 17: Differential cross section for e+ e~ if+ in the 3-3-1 model D with definited polarizations of 
the initial and final particles, as a function of the cm. scattering angle 6. Solid (broken) lines correspond to 

ejj(e^ ej) initial states. The polarization of the final gauge bosons is indicated on the subfigures. e+ 
beam energy E — ~ 2.1x10'^ GeV. 



5.2.7 Total cross section for the process e+e 

K+{K-) 



if + K as function of mass of charged boson 



In the following we calculate the total cross section for the process e'^e A'+ K varing the mass boson 
K^{K^). For that we summing over all the polarization initial and final particles states given in the formula 
(flOl. 



Energy collission \/s — 3 TeV 



Figure ( 18 1 shows the total cross section as function of mass of boson 




Figure 18: cr(e+ e~ if + K~) in the 331 model without exotic electric charges as a function of mass of charged 
K+ {K-) boson gauge from 0.5 TeV to 1.5 TeV at a CM energy = 3 TeV. 
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Energy collission ^/s — 5 TeV 

Figure (19 1 shows the total cross section as function of mass of boson K^. 



<> 10= 




Figure 19: cr(e+ e K'^ if ) in the 331 model without exotic electric charges as a function of mass of charged 
K+ {K-) boson gauge from 0.5 TeV to 2.5 TeV at a CM energy = 5 TeV. 



5.2.8 Total cross section for the process 



K as function of cm energy 



In this section we calculate the total cross section for the process e^e^ — > K~ as function of cm energy ^/s 
maintaining fixed the mass of boson gauge at expecting sensate values. We maintain fixed the mass of boson 
Z'^ at a constant value of 1 TeV. Its corresponding graph is given in figure (20). 




b 10 



v'i (10= GeV) 

Figure 20: Total cross section a{e^ K^) in the 3-3-1 model D as function of y/s. 



5.2.9 e+e- ^ K°K° 

The helicity amplitudes for this process are: 



M 



e_e+ I 



-M? 



(17) 



5.2.10 Differential cross sections for 



K^K'^ polarized collissions 



Using the amplitude formula (17 1 and the differential cross section (10 1, we calculate the different differential 



cross sections with dcfinitcd polarization of the initial and final states particles as a function of the cm scattering 



angle at a specific energy collission. A diagram for each helicity is given in figure (21 1 
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Figure 21: Differential cross section for e+ K^K'^ in the 3-3-1 model D with definite polarizations of 

the initial and final particles, as a function of the cm. scattering angle 9. Solid (broken) lines correspond to 
ej) initial states. The polarization of the final gauge bosons is indicated on the subfigures. e~ 
beam energy E = y^s = 2.1x10'^ GeV. Note that helicity component 12 no exist and only helicity 23 present a 
difference for both polarization incident particles . 



5.2.11 Total cross section for the process e+e 
boson K°{K°) 



K'^K'^ as function of mass of neutral gauge 



In the following we calculate the total cross section for the process e+e" K'^K'^ varing the mass of neutral 
gauge boson K^(K^). For that we summing over all the polarization initial and final particles states given in 
the formula (10 1. We maintain fixed the mass of boson Z"^ at a constant value of 1 TeV. 



Energy collission y/s = 3 TeV 



Figure (22 1 shows its diagram for this process as a function of mass boson K'^. 



Energy collission y/s — 5 TeV 



Figure (23 1 shows its diagram for this process as a function of mass boson K^. 



5.2.12 Total cross section for the process e+e — * K''^ K'^ as function of cm energy 

In this section we calculate the total cross section for the process e"*"e~ — > as function of cm energy ^/s 

maintaining fixed the masses of boson gauge at expecting sensate values. We maintain fixed the mass of boson 

at a constant value of 1 TeV. The diagram for this process is given in figure (24 1 

In the model D the unitarity is proved similarly as was done in the model A. 



6 Conclusions 

The 5?7(3)(7 SU (3) l ® U{l)x models are among the various gauge theory models that have been proposed to 
unify weak and electromagnetic interactions. These models makes predictions of the existence of new particles, 
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(10= GeV) 

Figure 22: cr(e+ e~ K^) in the 331 model without exotic electric charges as a function of mass of neutral 

K° {K°) boson gauge from 0.5 TeV to 1.5 TeV at a CM energy y/s = 3 TeV. 
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Figure 23: (T(e+ e K^) in the 331 model without exotic electric charges as a function of mass of neutral 

K° {K°) boson gauge from 0.5 TeV to 2.5 TeV at a CM energy = 5 TeV. 
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Figure 24: Total cross section (T(e+ 



(10= GeV) 

K^) in the 3-3-1 model D as function of y^. 
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such as five new vector bosons. We need to study experimentally many aspects of these models. 
In this paper we get information about the trilinear couplings, neutral and charged currents and its respectives 
couplings for the models A and D described above. With these information we find explicit formulae for the 
processes e~^e~ Z ^ Z ^ , e+e" K^K~ and e+e~ K^K^ . It is a simple task to compute the cross section 
for production of any pair of vector bosons for a given helicity state. 

However we have shortcomings with the unknown quantities like masses of Z' , , K'^ and masses for exotic 
leptons. In consequence is no possible to get values for a{My) and S^, = sin 0^ (My) exactly. 
By using different values for M^>, M^+, Af^o and a{My) and Sw = sin 9w{My) at TeV scales according to 
models proposed [HJ [71 [3] we hope that the formulae presented here be helpful for new experiments. 
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